NuTroNS 1:
Joint EC-IAEA Nuclear Science Training
Course on Nuclear Science with
NUCLEONICA, Monaco, 12-15% Oct. 2010

"
nucleon |ca".'


http://www.nucleonica.net:81/wiki/index.php/Image:Nucleonica_logo.jpg
index.html
http://upload.wikimedia.org/wikipedia/commons/2/2f/Monaco_Monte_Carlo_1.jpg

- ;
. nuc mca%.. .. web driven nuclear science
NUCLEONICA: -

Decay Engine
J. MAGILL

European Commission, Joint Research Centre,
Institute for Transuranium Elements,
Postfach 2340, 76125 Karlsruhe, Germany

nucleonlca-'.'


http://www.nucleonica.net:81/wiki/index.php/Image:Nucleonica_logo.jpg

Some theory...

LLaunching Decay
Engine...

Performing calculation
with default settings...

Exploring calculation
results...

Selecting options...

Plotting results...

"
nucleomca".'


http://www.nucleonica.net:81/wiki/index.php/Image:Nucleonica_logo.jpg

Modern Alchemy: Discovery of transmutation, (Soddy 1901)

In 1901, twenty-four year-old chemist Frederick Soddy and
Ernest Rutherford were attempting to identify a mysterious
gas that wafted from samples of radioactive thorium oxide.
They suspected that this gas—they called it an
“‘emanation”—held a key to the recently discovered
phenomenon of radioactivity. Soddy had passed the
puzzling gas over a series of powerful chemical reagents,
heated white-hot. When no reactions took place, he came
to a startling realization. As he told his biographer many
years later....

Frederic Soddy

| remember quite well standing there transfixed as
though stunned by the colossal import of the thing
and blurting out- or so it seemed at the time:
“Rutherford, this is transmutation: the thorium is
disintegrating and transmuting itself into argon
gas”. Rutherford’s reply was typically aware of
more practical implications,“For Mike's sake,
Soddy, don‘t call it transmutation. They‘ll have our
our heads off as alchemists®

*quoted in Pioneer, pp 83-84
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Simple radioactive decay..
Basic equation first identified by Rutherford
dQ/dt = -kQ (1)

Q 1s the number of atoms, Kk is the decay constant
(probability per unit time that a nucleus will decay):

k=1In2/7
where 1 Is the half-live. Solution of Eqg.1...
Q) =Q(0)e* or  Q(t) =Q(0) 27
Activity..
A(t) =k Q(t)
BUSE
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Successive radioactive decay with branching and source terms

The differential equations governing
the above processes:

dQ,/dt = §; — kg, - Q1 .
d (‘):"ld[ S':- + k(_)l-(;)l - Q)l - /{L): " (‘): .

dQ;/dt = Si + kg, .0, Qi-1 — kg, - O;.
d (;)l].-"!ld[‘ — »S‘]] —I_ k(‘;)l.l l-(-_-)l'l * L-I_)]] 1 — kL):.l . C); N

ify Batainan, Seluticn of w system of differential aouotiois, stc. 423

The solubive of © Tystel ¢ defersntial egualiony ATV it
ti the theory gf radio-golive Baryfmaaitons. By H. Buixevan,
M.A., Trinity College.

[iead 81 Februwry 1920,

L It buy beew shown by Picf Butherfond * shat the smounis
of the priwary substance and the different pecducts in a given
jum‘.',izy of radio-activa mstler vavy according o the systam of

ifferantial equations,
dr
S P \

dt

49 = nP-ng|

ber of atoms of the primaty
ive prodocts which an: preseat &t f2ne &
s worked oub tha rarions cases w whick
wduels i addition to the primacy subatance,
ght a3 if the rasults may {w oxlended to any
ithzut mach iabour.
steatghtforvacd taethod is vpsymmetrizal
the reaults of tha celeulations ara veeded i
which sre being catvied on in radio-sotiviby
ht it worth while te publizk & simpls and
I obteinivg 1ae required forzwlon.
& sat of avxiliary quantitics p iz}, ¢ (),
oz & variable £ ard conuested with the
R (2), ... by the equations.
T L
p(-t:)-Jr o= P, gie)= |’ e Qind (2L
L 7
It is oasily seen thas

- 'y
J ~"‘i1—->dz-..af’1,0)+m} e Pe)de-... ...(3)
’ af Jo-

= — P, 4+ p,
* Radic-aokimty, Jud odition, p. 582,
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Q; (0)e kjt

1_[ (kﬁ _ k,_f )

Exact solution:

First few terms...
Q1= Q;(0)e ™

}1 —_ -IL 2
o5 1,2 ‘ ka — ki ki — ks

{ Q, (0)e X Q) (0)e ™
(ky — ki) (ks — k1) (ky — k) (ks — ka)

Q1 (0)e ™ }
(ky — k3) (ky — k3)
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